ABSTRACT
INTRODUCTION
In the last decade, electricity supply industries have undergone major structural changes with the main objective of introducing competition. Along with these structural changes, another equally important development is the growing penetration of Distributed Generation (DG). This development has been motivated by a renewed interest in environmental issues along with advances in generation technologies which have rendered economic the production of small efficient generators, using both conventional and renewable energy sources. There are many aspects to be considered when carrying out studies related to the planning and operation of DG. Most of these studies include placement and sizing of new DG units. In this regard, several methodologies have been proposed in the literature to optimally allocate DG in electrical power systems [1] [2] [3] [4] [5] [6] [7] [8] . In most of the approaches presented in literature, the DG placement and sizing problem is addressed form the point of view of the distribution system. However, in this paper, the placement and sizing evaluation of DG has been addressed from the point of view of the transmission system. In this case, the DG has been modeled as a negative load, having the overall effect of reducing the net load of the system, as well as the centrally dispatched generation. The procurement of an optimal location and sizing of DG can be addressed from the point of view of the system operator, in which case the social welfare maximization is pursued, or alternatively form the point of view of the DG owner, in which case the profit maximization is pursued. In this case the two problems are solved independently. To take into account different technologies of DG, several cost characteristics are assumed for the DG units. Results show that the best locations for DG placement are the buses with the highest Locational Marginal Prices (LMP's). Also, the penetration of the DG units is different in both cases: the social welfare maximization and profit maximization.
PLACEMENT AND SIZING OF DG
There are a bunch of techniques reported in literature that can be applied for the optimal placement and sizing of DG in electrical power systems. These techniques can be broadly classified in three main categories: a) analytic approaches, b) mathematical programming and c) methaheuristics. In [1] an analytical method is formulated to predict allowable DG resources on a radial distribution feeder before voltage harmonic limits are exceeded. The final result is the determination of allowable penetration levels of DG resources for a range of distribution feeders. In [2] the DG is allocated applying rules that are often used in sitting shunt capacitors in distribution systems. In this case, DG is suggested to be installed at approximately 2/3th of the length of the line. This rule is simple and easy to use; however, it can only be applied on a radial feeder with uniformly distributed load. Reference [3] presents analytical approaches for optimal placement of DG in distribution systems considering uniformly, centrally and increasingly distributed load. However, it does not consider economic and geographic factors; consequently, the DG size is not optimized. Reference [4] presents a multi-objective algorithm that aims to maximize the benefits of the presence of DG limiting the deterioration of network performance due to DG not connected in optimal locations. In [5] a Genetic Algorithm is presented to determine the placement and sizing of DG that minimizes power losses. In [6] a multiobjective performance index is proposed to evaluate the DG impacts on a distribution system considering the inherent time-varying behavior of demand. This index aims to indicate where DG could be more beneficial for the distribution network. Reference [7] shows the influence of DG in LMP's, these prices, along with the consumer payment are used to evaluate DG sizing and location. Reference [8] examines placement and penetration levels of DG under a standard market design framework. The main difference between the methodologies presented in [7] and [8] and most of the approaches presented in literature, is that the DG allocation problem is addressed from the point of view of the transmission system. This paper is based on the same concept. In this case elasticity in demand is considered, and the LMP's obtained from an OPF are used to identify the Prague, 8-11 June 2009 Paper 0978 CIRED2009 Session 4
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METHODOLOGY
As mentioned before, the problem of location and sizing of DG is formulated for two different objectives: social welfare maximization and profit maximization. These formulations are explained below.
Social welfare maximization
Social welfare is defined as the difference between total benefit to consumers, minus total cost of production [9] . The objective function is given by equation (1) formulated as a quadratic benefit curve submitted by the buyer minus a quadratic bid curve supplied by the seller. Equations (2) and (3) show the general form of the quadratic curves, where the subscripts G and D stand for generation and demand respectively. The objective function is subject to equality and inequality constraints. The equality constraints correspond to the active and reactive balance equations expressed in equations (4) and (5). The inequality constraints are: the active and reactive power generation limits expressed by equations (6) and (7), the power flow limits expressed by equation (8) and the voltage limits expressed by equation (9) .
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Subject to:
( , ) 0 This optimization problem is solved using the software Matpower [10] . The DG can be included in the formulation using a quadratic or linear cost curve.
Profit maximization
Profit maximization is considered form the point of view of the owner of the DG and is calculated using an iterative process. In the first step an OPF is solved. Then, the LMP's obtained from the OPF are used by the owner of the DG to calculate his profit given by equation (10) 
The problem is iterative since the LMP's depend on the penetration of DG. When DG is allocated in a bus, the net load in this bus is reduced, reducing power losses and centralized generation. Consequently, LMP's tend to reduce when DG is allocated in the network. A small quantity of DG (for example 0.5MW) is allocated in each iteration and the profit is evaluated. The process stops when the profit begins to reduce. It can be inferred that if the DG cost of production is higher than the LMP it makes no sense to allocate DG since the profit will be negative.
TEST AND RESULTS
The methodology presented in this paper was tested using the IEEE 14 bus system. Tables 1 and 2 show the load and centrally dispatched generation data. In this case the independent coefficients costs a Di and a Gi , as well as the minimum demanded and generated power are supposed to be zero.
Distributed generation units
There is a number of different technologies that can be used for small-scale electricity generation. Furthermore, DG technologies can be divided in renewable and no renewable. Prague, 8-11 June 2009 Paper 0978
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Technologies that utilize conventional energy resources include reciprocating engines, gas turbines, fuel cells and microturbines. On the other hand, technologies that use renewable energy resources include wind turbines, photovoltaic arrays, biomass systems and geothermal generation. A detail discussion of the current status of these technologies is beyond the scope of this paper. A more in depth discussion of the technical features of the different DG technologies can be found in [11] and [12] . In this paper three different technologies have been used, namely: reciprocating engines (RE), gas turbines (GT) and microturbines (MT). Table 3 shows the total capacity available of these technologies and their energy cost.
Reciprocating engines range between a few kW and 10MW. In this case, it is supposed that there are 5 units of 10 MW. On the other hand, microturbines range between a few kW and 1MW. In this case it is supposed that there are 12 units of 1MW. 
DG placement for social welfare maximization
Using the data presented in tables 1 and 2 an OPF is solved to maximize social welfare. Results are shown in table 4 . This solution will be the base case to allocate DG. It can be observed from table 4 that bus 11 exhibits the highest LMP, however, the highest demand is located in bus 4. Also note that demands were not all dispatch at their maxima. That is because elasticity in demand has been considered.
The three technologies presented in table 3 were tested in all load buses. In this case the cost of each technology was included in the objective function. It was found that the social welfare is maximum when the cheapest technology is allocated in the bus with the highest LMP (bus 11). Table 5 shows the optimal penetration of the different technologies and the corresponding social welfare when located in bus 11. Figure 1 shows the variation of the social welfare for different levels of DG. 
DG placement for profit maximization
To maximize the profit, according to equation (10) , the DG must be allocated in the bus with the highest LMP (bus 11). In this case an iterative process is carried out. In each iteration an OPF is solved and the profit is calculated. The DG output begins in zero and is gradually increased, the process stops when the profit starts to decrease. shows the output of the different DG technologies that would give the maximum profit to his owner. Figure 6 shows the variation of the profit for different DG outputs.
Comparing the results shown in tables 5 and 6 it can be seen that the optimal output of DG is different for both objectives: social welfare maximization and profit maximization. In general, the optimal output for profit maximization is lower than the one obtained for social welfare maximization. 
CONCLUSIONS
A methodology for the sitting and sizing evaluation of DG was presented. The problem was formulated for social welfare and profit maximization. In both cases it was found that the best location for DG is the bus with the highest LMP. It was also found that optimal DG outputs are different for social welfare and profit maximization. In this last case, the profit can be negative for high levels of DG. Future work will include some important aspects such as variability of demand and renewable DG technologies.
